Abstract: Crude decoction, aqueous and ethanolic extracts of two medicinal plants (Psidium guajava and Diospyros mespiliformis), widely used in the central plateau of Burkina Faso to treat many diseases were evaluated for their antagonistic effects on caffeine induced calcium release from sarcoplasmic reticulum of rat skeletal muscle cells. These different extracts showed a decrease of caffeine induced calcium release in a dose dependent manner. Comparison of the results showed that Psidium guajava leaf extracts are more active than extracts of Diospyros mespiliformis and that crude decoctions show better inhibitory activity. The observed results could explaine their use as antihypertensive and antidiarrhoeal agents in traditional medicine, by inhibiting intracellular calcium release.
INTRODUCTION
In Africa, people use natural resources for medicinal purposes. Psidium guajava and Diospyros mespiliformis are medicinal plants used in tropical and subtropical countries to treat many disorders such as diarrhoea, cough and gastrointestinal disorders.
It was reported that Psidium guajava leaf extract has a wide spectrum of biological activities such as anticough, antibacterial, haemostasis (Jaiarj et al., 1999; 2000) , antidiarrhoeal and narcotic properties (Lozoya et al., 1990) , and antioxidant properties (Qian and Nihorimbere, 2004) .
According to Lutterodt and Maleque (1988) and Meckes et al.(1996) , the leaf extract is used to treat diarrhoea, abdominal pain, convulsions, epilepsy, cholera, insomnia and has hypnotic effect.
Some studies reported that the leaf extract and its derivative identified as quercetin has effect on the intracellular calcium levels in gastrointestinal smooth muscle (Lutterodt, 1989; Lozoya et al., 1990) , in cardiac muscle cell (Morales et al., 1994; Apisariyakul et al., 1999) and in neuromuscular junction (Re et al., 1999; Chaichana and Apisariyakul, 1996) .
More than twenty identified compounds from Psidium guajava leaf have been reported in (Seshadri and Vasishta, 1965; Osman et al., 1974; Lutterodt and Maleque, 1988) . The major components are: β-selinene, β-caryophyllene, caryophyllene oxide, squalene, selin-11-en-4α-ol (Meckes et al., 1996) , guaijavarin, isoquercetin, hyperin, quercitrin and quercetin-3-O-gentobioside , morin-3-O-α-L-lyxopyranoside and morin-3-O-α-Larabopyranoside (Arima and Danno, 2002) , β-sitosterol, uvaol, oleanolic acid and ursolic acid (Begum et al., 2004) .
Our recent phytochemical screening of Psidium guajava leaf showed tannins in aqueous extract, an-thocyans, alkaloids, flavonoids, tannins and steroids/terpenoids in ethanolic extract.
Two studies showing that Diospyros mespiliformis exhibits antimicrobial activity (Adeniyi et al., 1996; Sanogo et al., 1998) have been reported. Anthraquinones, tannins, triterpene, saponins, steroids and sugars in the leaf extract of this plant had been reported (Adeniyi et al., 1996) .
According to our recent phytochemical screening of Diospyros mespiliformis, flavonoids, tannins and saponosides were found in aqueous extract, anthocyans, flavonoids tannins and steroids/terpenoids exists in ethanolic extract.
Psidium guajava and Diospyros mespiliformis are used to treat many diseases, especially hypertension and diarrhoea in the central plateau of Burkina Faso ( 1 Nacoulma-Ouédraogo, 1996) . Indeed, in developing countries, hypertension is now considered as a cause of mortality in adults. In spite of the presence of known antihypertensive modern medicines in the pharmaceutical market, among medicinal plants used to treat this disease are Psidium guajava and Diospyros mespiliformis. Few of these plants are biologically and chemically investigated in order to determine their effectiveness and active constituents. Some reports indicated that the extracts of these plants could interfere with calcium influx and/or calcium release from an intracellular store. So the study was done in mammalian skeletal muscle cells in culture (Belemtougri et al., 2001) . Skeletal muscle cells have well characterized calcium release processes which could be the target of these plant components. The present paper reports the inhibition of calcium release from sarcoplasmic reticulum by these plant leaves extracts on rat skeletal muscle cells. This could indicate one mechanism underlying their actions.
MATERIALS AND METHODS

Plant collection
Fresh leaves of Psidium guajava and Diospyros mespiliformis were collected from Gampéla (Burkina Faso, West Africa) in July 1997. The plants were authenticated by Prof. Millogo-Rasolodimby, Department of Botany, University of Ouagadougou. The herbarium specimens are deposited in this Department.
Preparation of plant extracts
Crude decoctions were prepared from the shade dried leave powder. Six grams of leaf powder of each plant were macerated in deionized water for 24 h at room temperature and then boiled for 10 min to mimic the traditional preparation methods. After cooling, the resulting extract was filtered through Whatman n° 2 filter and evaporated to give crude extracts.
Forty grams of leaf powder of each plant were successively extracted with ethanol and deionized water to give ethanolic and aqueous extracts (Belemtougri et al., 2001) .
On the other hand, the results of screening the compounds summarized in Tables 1 and 2 were obtained according to 2 Samaté (2001) . Briefly 1 g of each plant leaf powder was macerated in 10 ml of chlorhydric acid or 5% phosphoric acid. The alkaloids were detected using Mayer and Dragendorff method followed by thin layer chromatography. Steroids/terpenoids, phenolic components (tannins and flavonoids) were determined using LiebermannBurchard method. The infusion previously prepared becomes blue when it is mixed with ferric chloride indicating the presence of tannins while it is red when mixed with vanillic chloride, indicating the presence of flavonoids.
Cell culture
Primary cultures of rat skeletal muscle cells were initiated from neonatal progenitors. These myogenic cells were obtained by trypsinisation of small muscle pieces of 1 to 2 day-old rat hindlimbs (Cognard et al., 1993a) . Briefly, the cells were maintained for 96 h in growth medium (Ham F12, Gibco) supplemented with 10% fetal calf serum (Boehringer, Mannheim, Germany), 10% heat-inactivated horse serum (Gibco) and 1% antibiotics: (Penicillin G 100 U/ml, Sigma and Streptomycin 50 U/ml, Sigma).
The growth medium was exchanged for a fusion medium constituted by Dulbecco's Modified Eagle Medium (DMEM) supplemented with 5% heat-inactivated horse serum and 1% antibiotics. This medium exchange was considered as time zero to age differentiated cells in culture.
Experiments were carried out on 3 to 5 day-old myotubes after induction of fusion, at stages exhibiting well characterized calcium release processes.
Intracellular free calcium measurements
Intracellular free calcium was measured with the fluorescent dye Indo-1/AM (Sigma Chemical Co., St. Louis, MO, USA). Cells were loaded with 3 µmol/L of the lipophilic form of Indo-1 (dissolved in dimethylsulfoxide) diluted in control solution. The cells were incubated for 45 min in the dark at room temperature, washed with control solution and incubated 10 min at 37 °C to obtain complete de-esterification of the probe. Fluorescence was recorded at room temperature using an OSP100 CA microscopic photometry device (Olympus).
Excitation of Indo-1 was set in UV range (350 nm) by means of a xenon lamp. Fluorescence emission was acquired through a dichroic filter (455 nm) by means of two photomultiplier tubes with two band pass filters at 405 nm for the emission of the calcium bound form and at 485 nm for the calcium free form fluorescence of the probe.
Experimental solutions
The experiments were performed in a control solution containing (mmol/L): NaCl 130; KCl 5.4; CaCl 2 2.5; MgCl 2 0.8; Glucose 5.6; HEPES 10 and adjusted at pH 7.4 with Tris.
The test solutions were made by adding caffeine (final concentration 10 mmol/L) (caffeine solution) or adding 1 mg/ml to 10 mg/ml of the plant extracts to caffeine solution (caffeine+Psidium or Diospyros solution). They were added to the control solution just before experiments. Rapid changes of the solutions in the surrounding of interrogated cells were achieved by means of a home made microperfusion system.
Statistical analysis
Data analysis was performed by means of Software Prism 3.0 (GraphPad Software, San Diego, CA, USA) and Origin 5.0 (Microcal Software Inc., Northampton, MA, USA). Results of the experiments were expressed as means±SEM and paired or unpaired Student's t-test was used to test for significance difference between the means. P<0.05 was considered significant.
RESULTS
Different extracts of Psidium guajava and
Diospyros mespiliformis failed to display any activity on rat skeletal muscle cells when applied alone (data not shown). This indicated their ineffectiveness on resting calcium in skeletal muscle cell. Then we used caffeinic solution to investigate some activity on intracellular calcium release from sarcoplasmic reticulum (SR). Caffeine was applied in order to directly stimulate calcium release through ryanodine receptor channels (Cognard et al., 1993b) . Application of caffeine (10 mmol/L) on myotubes induced Ca 2+ release from SR. For each cell 10 mmol/L caffeine solution was applied and the response was considered as control (Fig.1a) and another was interro- gated with caffeine+plants extracts. As illustrated in Fig.1b and Fig.2b , crude extracts of Psidium guajava and Diospyros mespiliformis at 10 mg/ml decreased the amplitude of Ca 2+ release from SR compared with the controls. This indicated that the extracts have significant antagonistic effect on caffeine sensitive Ca 2+ release from SR.
Different extracts of the two plants showed inhibition on intracellular calcium release in dose dependent manner; the crude decoctions were the most active. At 10 mg/ml, crude decoction of Psidium guajava (Fig.3a) was more active than that of Diospyros mespiliformis (Fig.3b) .
At 10 mg/ml the action of different extracts of Psidium guajava could be classified as follows: crude decoction>aqueous extract>ethanolic extract; but those of Diospyros mespiliformis were: crude decoction>ethanolic extract>aqueous extract. At the same dose crude decoction of Psidium guajava showed 61% of inhibition with IC 50 ≈7.65 mg/ml and that of Diospyros mespiliformis showed 51% with IC 50 ≈8.84 mg/ml. However, ethanolic extract of Diospyros mespiliformis showed IC 50 ≈9.23 mg/ml but the other extracts of the two plants showed IC 50 more than 10 mg/ml.
It was interesting to observe that at low doses (3 mg/ml) ethanolic extract of Psidium guajava (Fig.3a) and aqueous extract of Diospyros mespiliformis (Fig.3b) were more active than other extracts.
The extract process used in this study yielded 7.7515 g of ethanolic extract and 1.2501 g of aqueous extract in Psidium guajava leaf extract of forty grams dry powder. Table 1 Table 2 summarizes the different components of the different extracts of Diospyros mespiliformis.
Ten mg/ml crude decoctions of Psidium and Diospyros showed 61% and 51% inhibition of intracellular calcium release, aqueous extracts exhibited 51% and 29% of inhibition and the last ones, ethanolic extracts showed 46% and 54% inhibition of calcium release from sarcoplasmic reticulum.
Considering the effectiveness of the different extracts, we can conclude that crude decoctions are more active than other extracts.
DISCUSSION
We examine here the effects of different leaf extracts of Psidium guajava and Diospyros mespiliformis on the caffeine induced intracellular calcium release from sarcoplasmic reticulum of rat skeletal muscle cells. Our different extracts failed to show any effect on resting calcium activity. This suggests no effects of crude extracts on transporters involved in handling of basal calcium activity. We utilized caffeine which is known to induce calcium release from SR following activation of ryanodine receptors (Zimanyi and Pessah, 1994) . This release was measured by means of a fluorescent dye Indo-1/AM in this study.
The observed results showed that the different extracts tested were dose-dependently effective in the inhibition of calcium release induced by caffeine. The extracts of Psidium guajava were more active than those of Diospyros mespiliformis. The crude decoctions were more effective than other extracts. This difference could be due to several factors: polarity and chemical nature of the components, differential extraction, partition and quantity of active ingredients present in the different extracts. The crude decoctions appeared to contain the total water soluble active compounds which have synergistic effects on inhibition of calcium release. It suggested that one or several compounds could inhibit ryanodine-sensitive calcium release channels from SR.
The chemical composition of these plants reported in literature showed the presence of various components, especially tannins, flavonoids (quercetin) and triterpenoids (Osman et al., 1974) . These results are in a good agreement with our phytochemical screening.
The decrease in the calcium release from SR to myoplasm could be explained by interactions of the extracts with different elements involved in the regulation of calcium release, for example the ryanodine receptors. Our extracts could increase Mg 2+ in the cytoplasm and it is well known that this ion has powerful inhibitory effect on calcium release in skeletal muscle (Lamb, 2000) . It was also reported that extracts of Psidium guajava could block the L-type calcium membrane channels (Conde-Garcia et al., 2003) . Here, this pathway was not explored since depolarizing stimuli were not used, but direct activation of calcium release from SR.
Flavonoids existing in the extracts could play an (Havsteen, 1983; Capasso et al., 1991) and antidiarrhoeal (Tona et al., 1999) activities. Flavonoids have been reported to have free radical scavenger properties (Bharani et al., 1995) . van Acker et al.(1995) reported that flavonoids are antioxidants found usually in plants, fruits and vegetable and are known to be excellent scavengers of free radicals and accordingly used in the treatment of vascular endothelial damage and diseases of vascular wall involving inflammation. According to Lutterodt (1989) , Morales et al.(1994) , Lozoya et al.(1994) and Tona et al.(1999) , some flavonoids isolated from Psidium guajava leaves exhibited spasmolytic and antispasmodic activities. It was also shown that flavonoids inhibited certain mammalian enzyme systems such as PKC and PLC and then could reduce Ca 2+ release in cytoplasm and lead to muscle relaxation. It has been reported that quercetin, the main flavonoid of Psidium guajava leaves had many pharmacological activities. According to Alikaridis (1987) and Yuting et al.(1990) , quercetin isolated from Ilex species has free radical scavenging activity and lipid antiperoxidation activity, and may relax intact aortic rings (Muccillo Baisch et al., 1998) . Formica and Regelson (1995) reported that quercetin exhibited antioxidant and spasmolytic effects. It induced relaxation of cardiovascular smooth muscle (Duarte et al., 1993; Formica and Regelson, 1995) which could lead to lower blood pressure in vivo. This justifies its use in the treatment of hypertension in the central plateau of Burkina Faso. It has been shown that quercetin has relaxant effects on vascular and intestinal smooth muscle (Duarte et al., 1993; Morales et al., 1994) .
Furthermore, quercetin showed inhibition on skeletal muscles contraction (Chaichana and Apisariyakul, 1996; Apisariyakul et al., 1999) .
According to Re et al.(1999) , quercetin isolated from Psidium guajava leaf induced reduction of presynaptic molecular activity by modulating the cytosolic calcium concentration in mouse neuromuscular junction.
These biological activities of flavonoids and especially those of quercetin showed that flavonoids could play an important role in the inhibition of calcium release from SR.
On the other hand, tannins existing in aqueous and ethanolic extracts of these two plants could also play an important role. It has been reported that they have free radical scavenger properties (Bharani et al., 1995) and antioxidant action (Simeray et al., 1982; Yoshizawa et al., 1987) .
Tannins have been reported to have several pharmacological activities such as spasmolytic activity in smooth muscle cells (Tona et al., 1999) .
According to Owen and Johns (1999) , tannins have protein-binding properties and can interfere with many substances. It was suggested that tannins could reduce the intracellular calcium level by a decrease in the calcium inward current and/or by activation of the calcium pumping system (Chiesi and Schwaller, 1994) . Zhu et al.(1997) reported that tannins inhibited calcium channels and induced muscle relaxation.
With regard to these last properties, it can be suggested that tannins could act with proteins involved in the regulation of ryanodine receptors and partly block calcium release from SR in our assays.
Few studies have been reported on Diospyros mespiliformis biological activities. Antibacterial activity has been shown (Adeniyi et al., 1996; Sanogo et al., 1998) . Other Diospyros species showed mainly antimalarial (Likhitwatayawuid et al., 1999) , antiinflammatory (Recio et al., 1995) , hypotensive (Funayama and Hikino, 1979) and oral antimicrobial (Cai et al., 2000) activities.
CONCLUSION
The results reported here showed that different leaf extracts of Psidium guajava and Diospyros mespiliformis inhibited caffeine induced calcium release from sarcoplasmic reticulum in a dose dependent manner. These results could explain their traditional use to treat many diseases. More investigations are in progress to isolate active compounds and vascular smooth muscle experiments will be done to verify their possible relaxant effects.
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